I n a paper published in the Transactions of the Royal Society for 1866, Professor S yl v ester has given an important extension of P o in so t's representation of the motion of a freely rotating rigid body, by means of the momental ellipsoid. He has proved that if a material ellipsoid, similar in form to the momental ellipsoid, and so constituted that its principal moments of inertia, A, B, C, are connected with its semiaxes a, , c by the rela tion Aa4
{If -c 2) B h\c2 -a?) + C c4(a2 -h2) rough plane, the motion of this material ellipsoid will be precisely the same as that of the momental ellipsoid of the rigid body; the rough plane taking the place of the geo metrical fixed plane, in contact with which the momental ellipsoid is supposed to roll. He has also investigated expressions for the pressure and friction between the ellipsoid and the rough plane, in terms of the angular velocity of the ellipsoid, and of the length of its axes, and the distance of the centre from the rough plane. In investigating inde pendently the values of these forces, I have been led to a somewhat different treatment of the same problem, in the course of which some theorems have presented themselves which may be not without interest.
The notation which I adopt is as follows: <yn co2, represent the component angular velocities of the ellipsoid about its principal axes, which, as proved by Professor S yl vester, are connected by the following equations:
I he distance from the centre of the ellipsoid to the rough plane is denoted by p, and the component angular velocity of the ellipsoid about the normal to the rough plane, which is known to be constant, by X. (1), (2), (3), (4), and the invariability of X, may also be proved as follows. If *, z be the coordinates of the point of contact, referred to the principal axes, we havê 
We shall next investigate a relation between the component angular momentum of the ellipsoid about any axis through its centre, and that, about the same axis, of a particle of mass G, situated at the point of contact of the ellipsoid and rough plane, and moving as that point moves. If l, m, n be the direction-cosines of the axis referred to the principal axes, the component angular momentum of the body about it is
Again, the coordinates of the point of contact are ^ a19 ^ ^ a3 respectively. Hence Now, let ht denote the angular momentum of the ellipsoid about an axis through its centre, parallel to the rough plane, and at right angles to the instantaneous axis, and h? about an axis through its centre parallel to the rough plane and at right angles to this last. The radius vector of the point of contact measured from the foot of the perpen dicular on the rough plane is ^ ; and hence if n denote the angular ve radius vector in space, the radial and transversal component velocities of the point of contact will be ^ ^ np, respectively. To obtain the component angular momenta of the particle we have.only to multiply the expressions by G. Hence, by the theorem just proved, 
...(«)
We can now calculate the values of P and F, the pressure and friction of the ellipsoid against the plane. Taking moments about axes through the centre of the ellipsoid, lying in the rough plane and perpendicular to the direction of P and F respectively, each of these forces acts at an arm ^ Hence
It is worthy of notice that F =
Again,
It may be desirable to replace these expressions by others in which /a shall be the only variable quantity, and which shall be free from differential coefficients. This may be done as follows. Writing, for shortness, a, /3, in place of respectively, it may be proved, from equations (1), (2) 2)= X -\-a (oy~,........................................................ (12) a result which also follows from (5), (6), (7), remembering that the angular momentum of the particle about the normal to the rough plane is G fNow, differentiating (11),
, (jU .2 + |3yA2)(^2 + y:*A2)(jx2 + a/3A2) 
= f l -(^+^) (^+ 7^) (^ + )
... (14) [The theorem contained in equations (5) and (6) may perhaps receive additional illus tration by a comparison of the moments, about the principal axes, of the forces acting on the ellipsoid, and of those acting on the particle coinciding with the point of contact. Since the component angular momenta of the ellipsoid about the principal axes are p j a 2& 2v3,it follows that the moment of the forces about one of the principal axes is r , { b 2 -c 2 ) (cqaq + a2I r -/>2c2) h*" b^C2 ^2^35 a result independent of H. Now, if we refer to equation (7) we shall see that the angular momenta of the particle only differ from those of the ellipsoid by having G written in place of H ; consequently the moments of the forces, since they do not involve IT, must be the same for the particle and the ellipsoid. It follows of course that the moments of the forces about any other axis must be the same in both cases.
In the above investigation of the value of P, I have followed Professor Sylvester, in assuming that the friction acts wholly in a direction perpendicular to the instantaneous^ axis. The other component of the friction is necessarily indeterminate, since any force in the direction of the instantaneous axis may be combined with it, without altering its effect. I have assumed this component of the friction to be zero; if it be taken to be equal to an arbitrary force F', the value of P above investigated must be increased by the former of which is confocal, the latter contrafocal, to the momental elli soid of the free body. Hence, since the difference between the squares on corresponding semiaxes is in this case yP, each of these hyperboloids will roll on the invariable plane through the fixed point, which will be asymptotic to it, while the plane itself rotates with uniform angular velocity X. Hence the asymptotic cone will move in exactly the same manner.
